Macrophage scavenger receptor (MSR) is one of the major receptors of macrophages.
It plays an important role in the pathological deposition of cholesterol in macrophagederived foam cells during atherogenesis through receptor-mediated uptake of modified low density lipoproteins.
MSR is also important for macrophages to recognize and eliminate pathogenic microorganisms.
Targeted disruption of the MSR gene resulted in a reduction in the size of atherosclerotic lesions in atherosclerosis model mice. MSRknockout mice were more susceptible to infection. Hepatic granuloma formation induced by a single intravenous injection of heat-killed Corynebacterium parvum was significantly delayed in MSR-knockout mice. Using MSRknockout mice as immunization animals, five monoclonal antibodies against human MSR were successfully produced.
Immunohistochemistry using these antibodies revealed a restricted distribution of MSR protein on tissue macrophages in various tissues and organs.
These antibodies will provide a new approach to study the role of MSR in normal and various pathological conditions in humans. Introduction
Macrophage scavenger receptor (MSR) was identified in the search for the receptor molecules implicated in the pathological deposition of cholesterol during atherogenesis through receptor mediated uptake of modified low density lipoproteins (LDL) [10] . Although mature macrophages do not express LDL receptor and do not uptake LDL itself, they accumulate modified LDL such as acetyl-LDL and oxidized LDL via MSR to become foamy macrophages.
Kodama et al. [14] purified a 220,000 Mr trimeric membrane glycoprotein using the ability of macrophages to bind acetyl-LDL.
Subsequently, two bovine cDNA encoding type I and type II MSRs were cloned [15, 22] . Cloning of cDNA was further reported in humans [18] Through these bindings, MSRs are implicated to play an important role in the formation of foam cells during atherogenesis and in scavenging foreign bodies or waste products.
MSRs also mediate the phagocytosis of apoptotic thymocytes [19] . In addition, they play a role in cation-independent macrophage adhesion [8] .
IV. MSR-knockout Mice
To clarify the role of MSRs in vivo, we generated knockout mice deficient in type I and type II MSR molecules by disrupting exon 4 which encodes a-helical coiled coil domain, an essential domain for the assembly of the functional trimeric structure [24, 25] . Mice both heterozygous [MSR +/-] and homozygous [MSR -/-] for the MSR mutation were normal in appearance and growth, and were fertile. Uptake of acetyl-LDL, oxidized LDL, and advanced glycation end products by MSRdeficient macrophages were significantly low [24, 25] . To observe the process of atherogenesis, we mated MSRknockout mice with two strains of atherosclerosis model mice, apolipoprotein-E (ApoE)-knockout mice [20, 26] and LDL receptor (LDL-R)-knockout mice [13] . The plasma cholesterol level of MSR/ApoE double knockout mice was slightly higher than that of ApoE single knockout mice. However, the average size of atherosclerotic lesions in double knockout mice was smaller by nearly 60% [24, 25] (Figs. 2, 3 ). In the case of MSR/LDL-R double knockout mice, a 1.25 °o high cholesterol diet was started at 3 months of age. The lesion size at 4 and 12 weeks after high cholesterol feeding was significantly smaller in double knockout mice compared to the LDL-R single knockout mice [23] , but the size reduction was less prominent (about 20% reduction) compared to the MSR/ApoE double knockout mice (Fig. 3) . In the remaining atherosclerotic lesions, scavenger receptors other than MSR, such as MARCO (macrophage receptor with collagenous structure) [5], CD36 [7] , or macrosialin/CD68 [21] , are considered to participate in the foam cell formation [23] .
Macrophages play an important role in the host defense system. MSRs can bind bacterial endotoxin, gram-positive bacteria and recognize lipoteichoic acid [4, 16] . MSR-knockout mice were more susceptible to infection of Listeria monocytogenes and herpes simplex virus type 1 [25] . The formation of hepatic granulomas caused by a single intravenous injection of heat-killed Corynebacterium parvum was delayed significantly in MSR-knockout mice [1 1 ] (Fig. 4) (Fig. 5A ), Kupffer cells of the liver (Fig. 5B) , splenic red pulp macrophages, sinusoidal macrophages in lymph nodes, and interstitial macrophages in various tissues and organs. Perivascular macrophages in brain (Mato cells) [17] were also positive for these antibodies (Fig.  5C ). Foamy macrophages in atherosclerotic lesion were also positive for MSR (Fig. 5D) . Freshly isolated blood monocytes were negative for MSR, however, they became 
